N87-17827 .

On Incorporating

- Damping and Gravity
Effects in Models.._.
by

Larry Taylor

NASA Langley
Research Center

and

Terry Leary
Eric Stewart
Geo. Washington U.

PRECEDWNG PAGE BLANK NOT FILMZD

121




On Incorporating Damping and Gravity Effects in Models of
Structural Dynamics of the SCOLE Configuration

by
Lawrence W. Taylor, Jr
Terry Leary
Eric Stewart

Presented at
The 3rd Annual SCOLE* Workshop
NASA Langley Research Cen.or
Hampton, Virginia
November 17, 1986

*Spacecraft Control Laboraiory Experiment(SCOLE)

122




On Incorporating Damping and Gravity Effects in Models ot
Structural Dynamics of the SCOLE Configuration

ABSTRACT

The damping for structural dynamics models of
flexible spacecraft is usually ignored and then
added after modai {requencies and mode shapes
are calculated It is common practice to assume
the same damping ratio for all modes, although 1t
1S knuwi tiiat damping due to bending and that
due to torsion arc different Mass effects on
damping are sometimes ignored.

It 15 the purpose of this paper to examine two
ways of including damping n the modeling process
from 1ts onset. First the partial derivative equations
of motion are analyzed for a pinned-pinned beam
with damping. The end conditions are altered to
handle bodies with mass and inertia for the SCOLE
configuration. Second, a massless beam approxima-
tion is used for the modes with low frequencies, and
a clamped-clampcd system is used to approzximate
the modes for arbitrarily high frequency The
model is then modified to include gravity eftects
and 1s compared with experimental resuits.
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| OUTLINE I

Introductory Remarks

SCOLE Configuration

Partial Differential E.quations
Pinned-Pinned System with Damping
Free-Free System with End Bodies & Damping
Massless Beam Approximationv

Gravity Effects

Comparison of Model I'requencies

Concluding Remarks
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l Equations of Motion l

Shuttle (and Reflector) Body
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dt2 t ds n-=1

126




Damping Considerations I

5
The Classical Damping, 4= Yields Excessive

ds dt

Excessive Damping at Higher Mode Numbers

3
The Term, -g—lz’—- is Consistent with experimental
ds“dt

Data.

The Practice of Post-Analysis Addition of
Damping Ignores Effects of Mass. Stress Type.

Damping Must be Included from the Start.
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®

Distributed Parameter Model of
SCOLE with "Proportional Damping"

!
;

Start with Pinned-Pinned Beam with Damping
Add Bodies with Inertia at Ends
Model Acceleration of Frame as Inertial Loading

Extend in Three Dimensions to
SCOLE Configuration.

Yields Infinite-Order, Modal, State Equations.
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‘ Massless Beam Model I

Exact Static Deflection

Approximates Low-Frequency Modes
Nonlinear Kinématics

Linearized State Space, Modal Model
Classical Damping(Working Proportional)

Extended to n-Body Network
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Gravity Effects l

Assume Cubic Deflection of Beam

Express Potential Energy due to the
Raising of End Body

Relatc to Stiffness Matrices of Lhe
Massless Beam Model

~Incorporate Gravity Effects in the
Stiffness Matrices

Gravity Effects L.arger than Structural
Stiffness
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X = AX + Bu
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[ - Moment of Inertia

m- Mass

r - Coordinates of attach point
r - Cross product operator rx
My.M_ Fy.E - Stiffness Matrices
1 - Denotes the Shuttle body

4 - Denotes the reflector body
U, - Beam deflection and slope
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l Stiffness Matrices I
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X Gravity Effect
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c

c

PROGRAM THOROD , ‘
REAL 11,14, 11IN,14IN,11,n4, MU, “ANG, L, MASS |, MASS4

ORIGINAL PAGE IS
OF POOR QUALITY

DIMENSION 11C13), 1 HIN(13) 14¢13), 141NC13), A(588), RAT 1(7), .

?

*RATIT(13), RAT4(?), AAT4TC13), FUC13 2, FANGC13), MUC13), MANG( 13),

*DUN(388), DUNCS88)>, EREAL(39), EIMAG(39), EVEC(588), DU0(568)

R .......DEFINE INERTIR MATRICES. ..
CALL SET(R,24,24)
CALL SET(I1,3,3)
11€5 3=085443
11¢7)=-145393.
11¢9)=6780108 .
11 11)==145303.
11¢13)=708660 1.
CALL SPITCI1,3H 11)
CALL MAKECDUM, | 1)
CALL INURCIT, 11IND
CALL MAKECI 1. DUND
CALL SET(14,3,3)
14(5)=4969 .
14¢9)=4969
14¢13)=0038
CALL SPITCI4,3H 14)
CALL MAKECDUN, 14)
CALL INURC14, i4IN)
CALL MAKEC 14 DUM)

.......................................... DEFINE ATTACH POINT VECTOR, MATRIX.

CALL SET(RAT1,3,1)

CALL TILDACRAT!,RATIT)
CALL SETCRAT4,3, 1)
RATA(5)=-18.75
RAT4(6)=32.5

CALL TILDACRAT4,RAT4T)
MASS4=12 42

AO=MASS4 /(MASS4+12. 42+ 5
CALL ADD(AD,RATA4T,~1. RATAT DUM)
CALL SPIT(DUM,4H DUM>

CALL MULTCDUM, DUM, DUN )

CALL SPIT(DUN 4M DUND :
CALL ADDC1.,14,-12.42,0UN, |4)
AD=.5%12 42/(12 42+ S%12 42
CALL ADD(AD,RAT4T,-1. RAT4T,DUM)
CALL MULT(DUM,BUM, DUN)

CALL ADD(1., 146 21,DUN, 14)
CALL 5P!T(I4,5H i4NU»

CALL INURCI4, 14IND

HMASS 1=6360 . 46+ BITSE*130. /2.
MASS4=MASS4+ B9556% 138/2.

CALL SETCFU,3,3)
FUCS)=-12 *E | 7(LML*L)
FUCO =12 %E | 7(L% %)
FUC13)=-EA/L

CALL SET(FANG,3,3>
FANG(6)=6 *E| /(L*L)
FANG (8)=FANG(6)

CALL MAKE(MU,FANG)

ADD HALF OF BEAM MASS TO REFLECTOR BODY. ..
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CALL SET(MANG,3,3)
MANG(S )=t *£| A
MANG(9)=—4 *E| /L
MANGC 13)=-GJ/L
CALL SPITCFU,3H FU)
CALL SPITCFANG,5H FANG)
CALL SPIT(MU,3H MU)
CALL SPITC(HANG,SH NANG)
......................... CALCULATE ELEMENTS IN A" MATRIX. ... ................
CALL MULTCRAT 1T, FU, DUN)
CALL MULT(DUM,RAT 1T, DUN)
CALL MULTCRAT1T,FANG, DUM)
CALL ADDC1.,DUM,-1., DUN, DUN)
CALL ADDC1.,MANG, 1., DUN, DUN)
CALL MULTCMU,RAT 1T, DUM)
CALL ADDC-1.,DUM, 1., DUN, DUN)
CALL MULTCI 11N, DUN, DUN)
CALL INSERT(1,4,DUM,A)
CALL ADDC-1.,DUM, 8., DUM, DUM)

CALL MULTCRATIT,FU, DUM) _ ORIGINAL PAGE s
CALL ADDC1.,MU, 1., DUM, DUN) OF :
CALL MULTCI 1IN, DUN, DUM) POOR QuALITY

CALL INSERT(1, 18,DUM,A)
CALL RDDC-1.,DUNM,8. ,DUM, DUM)
CALL INSERT(1,22,0UN,R)
CALL 1DENT(DUM,3)

CALL INSERT(4, 1,DUM,A)

CALL INSERT(19,7,0UM,A)
CALL INSERT(16, 13,DUM,A)
CALL INSERT(22, 19,0UM.A)
CALL MULTCFU,RATIT,DUM)
CALL ADDC-1.,DUM, 1.,FANG, DUN)
RAD=1. /MASS1

CALL ADDCAD,DUM,0. ,DUM, DUM)
CALL INSERT(?,4,DUNM,A)

CALL ADD(-1.,DUM,@. ,DUM, DUM)
CALL !NSERT(?, 16,DUM A
CALL RDOCAD,FU,8. ,FU.DUM>
CALL INSERT(?, 10,0Un A)
CALL ADDC-1.,DUM,8. ,DUM, DUM)
CALL INSERT(?,22,DUN,R)

CALL MULT(RATAT,FU,DUM)
CALL MULT(DUM, PATAT,DUN)
CALL MULTCRAT4T,FANG,DUM)
CALL ADDC1.,DUM,-1.,DUN,DUN>
CALL ADDC1.,DUN, 1., MANG, DUN)
CALL MULT(MU,RAT4T, DUM)
CALL ADDC-1.,DUM, 1., DUN, DUN)
CALL MULTCI4IN,DUN,DUM) |
CALL INSERT( 13, 16,00M,A)
CALL ADDC-1.,0UM,8. ,DUM, DUM)
CALL INSERT(13,4,0UM,R)
CALL MULT(RATAT,FU,DUN>
CALL ADDC1.,DUN, 1. MU, DUN)
CALL MULTCI41N,DUN, DU

CALL INSERTC 13,22, DUM,A)

. CALL ADDC-1.,DUN, 8. , DUN, DUM)
CALL INSERT(13, 1@,0UM,A)
CALL MULT(FU,RAT4T, DUND
CALL ADDC-1.,DUM, 1. ,FANG, DUN)
AD=1. /MASS4
CALL ADDCAD,DUN,@. ,DUN, DUM)
CALL INSERT(19, 16,0UM,A) A | 39




CALL ADDC-1.,DUM,@.,OUR, DUM)
CALL INSERT(19, 18,0UM,A)
Co T CALCULATE EIGEN UALUES, MODE SHAPES. .. .. .
CALL EIGENCA,ERERAL EINAG, EVEC, |ERR)
CALL SPITCEREAL,SH REAL )
CALL SPITCEIMAG,SH IMAG)
123 FORMAT(110,E15.6)
o PRINT NON-ZERO ELEMENTS OF “A~ MATRIX......
00 18 I=4,580
IFCACH »*+2- 00080800001)11, 11, 12
12 PRINT 123,1,AC1)
11 CONTINUE
18 CONT INUE
’ END
—E01 /TOP—
”
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-—
-
-

1 .9B54E+86
2 .GO00E+AR
3 -. 1454E+06
434 1883E+28
14 1
1 .4960E+84
2 .0000E+00
3 .000GE+00
 2453788E+12
DUM !
1 .0000E+a0
2 .000PE+00
3 . 1883E+82
N1
1 - 1174E+03-.
2 -.6771E+@2-.
)
4NU o
1 .9342E+04
2 .2523E+04
3 .0000E+A0
8458059E+ 12
FU 1
1 -.2185E+@3
2 . BOOOE+e-
3 . 0000E+08
FANG 1
| .PPPBE+eR
2 . 1420E+85
3 .G000E+60
mJ 1
| .0029E+0
2 14206465
3 .GOOOE+ER
MANG 1
1 - 1231487
2 . IG3E+RR-
3
PEAL 1
I . 1344E-84
2 -.9698E-96
3 -.2361E-08
4 - 6211E-14
S .6211E-14
6 .2861E-88
7 .9690E-86
8 . 1344E-84
3 .GOGRE+20
10 .0P0OE+00
11 .B999E+08
12 .DOGOE+00
13 .00PRE+00
14 .0PBBE+0Q
15 . 0000E+00
16 .POPVE+E0
17 .BOARE+39
18 .99OOE+H0
19 .0808E+60
20 - GAAOE+50
21 .0000E+09
22 . GOBGE+A0

. OOOE +00

. 9ODRE +60

. 1231E+87?

. BOB0E+00 . BOBOE+EO— 3077E+06
1

2
ODO0E+00— .

.6789€E+87 .
. 0000E+00

2

2

. OBBOE+00- .
. DODOE +00~ .
.6250E+01 .

2
S7TYIE+O2 |
3906E+82 .

. OOOOE+00— .

2

. 2523E+04 .
.0424E+04 .
. B0BOE+00 .

2

. BOBOE+00 .

2185E+93 .

. DROCE +06— .

2

. 1420E+05 .
.B000E+00
. BOOOE+08

2

. 1420E+65 .
. DB00E+00
. BOBOE+00 .

2

3
1454E+06
BGO00E +09

. 709%E+97

3

. BOOOE+00
.4969E+84 .
. B000E+08 .

. DOVOE+00
. 6B0BE+00

ORIGINAL FAZE IS
OF POOR QUALITY
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23 . 00OOE+00
24 . 0OBPE+0S
MAG 1
1 . 0B0BE+BD
2 .000oE+08
3 .OBOBE+08
4 . ODOOE+98
S .B000E+00
6 .0000E+00
7 . OBOVE+88
8 . 0000E+08
9 .8682E-09
18 -.8682£-09
11 1398€E-85
12 -. 1398E-85
13 . 1621E+81
14 - 1621E+81
15 .2328E+91
16 -.2328E+01
17 .3821E+81
18 ~.5821E+81
19 . 1124E+92
28 -. 1124E+82
21 1617E+82
22 - 16176482
23 .3764E+83
24 - . 3764E+03

8 ~.136379E+01
186 -.699518E-62
15 . 15736 1E-81
28 . 136379E+81
22 .6995 16E-82
2?7 - 157361E-01
I3 -.181286E+00
38 .209176E-92
45 . 181286E+09
58 -.2089176E-82
S6  -.279804E-91
58  -.435624E-91
63 .3228S 1E-93
68 . 279804E-01
7e .435624E-61
7S -.322851E-83

77 . 100000E+D 1
182 . 188000E+0 1
127 . 100000E+0 1

158  ~.342839%E-01
178 .342830€E-61
183  -.342839%E-91
195 .342839E-91
288 - 128708£+83
228 . 120788E+83
227 . 1B0BBOE+9 1
252 . 180000E+8 1
27 . 100000E+0 1
296 . 7O3974E+8S
297 .433556E+85

298 . 181820E+82
382 .667765E+00
383 -, 1708SCE+81
364 .231538E+84
368 - 753974E+95
369 -.433556E+85S
316 -.101820€+82
314 - 667765E+90

315 . 178856E+9 1

ORIGINAL FAGE 15
OF POOR QUALITY
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310
320
321

327

344

464

4N

ses
327
552
577

REVERT NORMAL ENG

~.231338E+04
.433556E+85
. 252685E+05
.078424E+92
.247271E+01
.667765E+00
. 133580E+04
. 433556E+05
. 232003E+05
.678424E+82
. 24727 1E+01
.607765E+00
. 133580E+04
. 168886E+02
. 2927376492
. 39924 3€E+82
.4359304E+00
.259825E+00
. 168886E+82
.292737E+82
. 290243E+82
.450364E+09
. 259825E+08
. 108000E+8 {
. 100000E+9 1
. 16008B0E+9 1
. 762218E£+03
.381199E+03
. 117264E+82
. 762218€+03
. 381189E+83
. 117264E+82
. 7622 18E+83
.219870E+83
. 117264E+82
. 7622 18E+93
.219870E+03
- 117264E+92
. 134182E+87
.774127E+06
.4 128068E+95
. 134182E+87
. 774 127E+06
.4 12862E+85
. \2B20BE+D |
. 1RB0aE+9

106020E+0

ORIGINAL PACE 15
OF POOR GUALITY
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Static‘ Deflection

Number of Modes Error in Deflection
1 | - 39%

| | 24
3 17
4 13
D 11
6 9
7 8
3 7
9 6

0
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P.D.E.

278
314
812
1.18
2.05
4.76
5.51

12.3

Lumped Mass

Fi‘nite El.  XClampcd
276 258
301 370
810 926

1.18 179
2.05 2.57
4.77 4.28%
5.52 | 4.28*

124 11.89%
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| SCOLE Experiment
Modal Characteristics

Large | Small | Imaginflry
Amplitude Amplitude Part, jw
/ | 30
O O O
5th Mode
20
ag a
4th Mode
3rd Mode
{ Proportional Damping )
L(Constant Damping Ratio) 10
2nd Mode
o
Ist Mode
-.03 —-.02 - 01 R

Real Part, or
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I Concluding Remarks I

® An Infinite-Order State Space Model
was Developed which Incorporates
"Proportional” Damping.

® A Lumped Mass Mode! of SCOLE was
Developed which Includes Gravnty
Effects and Classical Damping.
Extended to n-Body Modeling.

® Modal Frequencies are Compared for
the SCOLE using Different Methods.

® Items Remain to be Addressed Before
SCOLE Modeling is Complete. ‘
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